Phytomonas serpens, a phytoflagellate trypanosomatid, shares common antigens with Trypanosoma cruzi. In the present work, we compared the hydrolytic capability of cysteine peptidases in both trypanosomatids. Trypanosoma cruzi epimastigotes presented a 10-fold higher efficiency in hydrolyzing the cysteine peptidase substrate Z-Phe-Arg-AMC than P. serpens promastigotes. Moreover, two weak cysteine-type gelatinolytic activities were detected in P. serpens, while a strong 50-kDa cysteine peptidase was observed in T. cruzi. Cysteine peptidase activities were detected at twofold higher levels in the cytoplasmic fraction when compared with the membrane-rich or the content released from P. serpens. The cysteine peptidase secreted by P. serpens cleaved several proteinaceous substrates. Corroborating these findings, the cellular distribution of the cruzipain-like molecules in P. serpens was attested through immunocytochemistry analysis. Gold particles were observed in all cellular compartments, including the cytoplasm, plasma membrane, flagellum, flagellar membrane and flagellar pocket. Interestingly, some gold particles were visualized free in the flagellar pocket, suggesting the release of the cruzipain-like molecule. The antigenic properties of the cruzipain-like molecules of P. serpens were also analyzed. Interestingly, sera from chagasic patients recognized both cellular and extracellular antigens of P. serpens, including the cruzipain-like molecule. These results point to the use of P. serpens antigens, especially the cruzipain-like cysteine-peptidases, as an alternative vaccination approach to T. cruzi infection.
Introduction
The Trypanosomatidae family, assorted on the Kinetoplastida order, consists of distinct genera of eukaryotic monoflagellated protozoa. Five of these genera display only parasites of hemipteran and dipteran arthropods, while three other genera have digenetic life cycles in vertebrates and invertebrates (Vickerman, 1994) . These evolutionarily ancient organisms possess intriguing mechanisms for control of gene expression and exhibit complex patterns of cell morphogenesis orchestrated by an internal cytoskeleton. The trypanosomatids share unique attributes that bespeak them among all protists, such as the presence of kinetoplast, a DNA-containing compartment of their single mitochondrion (Vickerman, 1994) and RNA editing, an unusual form of the post-transcriptional RNA processing, by insertions/deletions of uridylate residues (reviewed by Donelson et al., 1999) . Among the trypanosomatids with a digenetic life cycle, some species stand out: Trypanosoma cruzi, Trypanosoma brucei and several Leishmania species. These parasites are the causative agents of Chagas' disease, African sleeping sickness and leishmaniasis, respectively. Likewise, some species belonging to the Phytomonas genus can induce serious diseases in plants, which indicates the economical importance of these trypanosomatids, a problem especially affecting developing countries (Vickerman, 1994; Camargo, 1999) . Moreover, because of their distinct characteristics, the trypanosomatids have been studied extensively as biological models in diverse science fields. In recent years, the similarities between the nonpathogenic and pathogenic genera that comprise the Trypanosomatidae family have been clearly described (reviewed by Santos et al., 2006a; 2007) .
The Phytomonas genus includes parasites that circulate in two distinct environments: plants and insects (Vickerman, 1994; Camargo, 1999) . The successful culturing of Phytomonas species is relatively recent and consequently there are relatively few data on their immunobiochemistry (Camargo, 1999) . Phytomonas serpens, specifically, is a parasite able to infect tomatoes, an edible fruit regularly consumed in natura by humans. The similarities between P. serpens and other digenetic trypanosomatids have been investigated; for instance, this flagellated protozoan presents molecules with similarity to the major metallopeptidase expressed by Leishamania species, named gp63 or leishmanolysin. Interestingly, in P. serpens, no cellular metallopeptidase activity was identified by means of gelatin-sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE), although two cell surface polypeptides of 63 and 52 kDa cross-reacted with anti-gp63 antibodies (d'Avila- Levy et al., 2006; Santos et al., 2006a) . In parallel, the similarity between P. serpens molecules and T. cruzi antigens has also been studied. It was previously demonstrated that this tomato parasite has cellassociated antigens recognized by human sera from chagasic patients and is able to confer protective immunity in susceptible BALB/c mice (Breganó et al., 2003) . A few years following this discovery, our research group reported that P. serpens produces two major cell-associated cysteine peptidases of 38 and 40 kDa (Santos et al., 2006b ) with biochemical and immunological features similar to cruzipain (Santos et al., 2006b (Santos et al., , 2007 Elias et al., 2008) , the major cysteine peptidase produced by all the morphological stages of T. cruzi (Cazzulo, 2002) and a highly antigenic molecule produced by the parasite during the human infection (Martinez et al., 1991) . Together, these results point to the use of P. serpens antigens as an alternative vaccination approach to T. cruzi infection, in particular, the cysteine peptidases (cruzipain-like molecules) produced by this phytoflagellate trypanosomatid.
In order to confirm the rationale of this statement, we have performed a comparison between the recognition of cellular and extracellular antigens of P. serpens by human sera from chagasic patients and by a polyclonal anticruzipain antibody, correlating these data with the cysteine peptidases produced by P. serpens cells. We also compared the hydrolytic capability of cysteine-type peptidases produced by both P. serpens promastigotes and T. cruzi epimastigote forms.
Materials and methods

Parasites and cultivation
Phytomonas serpens (isolate 9T; CT-IOC-189), isolated from tomato (Lycopersicon esculentum), was provided by Coleção de Tripanossomatídeos, Instituto Oswaldo Cruz -Fundação Oswaldo Cruz, Rio de Janeiro, Brazil. The plant flagellate was grown and maintained by weekly transfers in 50-mL Erlenmeyer flasks containing 20 mL of brain-heart infusion (BHI) medium supplemented with 10% fetal bovine serum (FBS). The parasites were grown at 26 1C for 48 h (exponential growth phase) (Elias et al., 2008) . The flagellate T. cruzi (Dm28c strain) is part of our laboratory collection, and epimastigote forms were cultured in BHI medium supplemented with 10% FBS at 26 1C for 72 h. Cellular growth was estimated by counting the parasites in a Neubauer chamber. The cellular viability was monitored through parasite motility (Elias et al., 2008) .
Parasite extracts
The parasites (1 Â 10 8 cells) were harvested by centrifugation for 5 min at 500 g at 4 1C, and washed three times with cold phosphate-buffered saline (PBS; 150 mM NaCl, 20 mM phosphate buffer, pH 7.2). The parasites were lysed for 10 min at 4 1C by the addition of 1% Triton X-100 (Sigma). The cells were broken in a vortex by alternating 1-min shaking and 2-min cooling intervals, followed by centrifugation at 10 000 g for 30 min at 4 1C. The supernatants obtained after centrifugation corresponded to the whole parasite cellular extracts (Santos et al., 2005) . Alternatively, parasites (5 Â 10 8 cells) were extracted with 500 mL of 2% precondensed Triton X-114 in Tris-buffered saline (TBS) (150 mM NaCl, 10 mM Tris, pH 7.4) as described by Bordier (1981) , to obtain the cytoplasmic-and membrane-rich fractions.
Secretion experiment
For this experiment, parasites were grown at 26 1C in 500-mL flasks containing 200 mL of BHI with 10% FBS at 26 1C for 48 h. Parasite cells were harvested by centrifugation at 500 g, for 5 min at 4 1C, and washed three times with cold PBS. The intact cells (1 Â 10 9 ) were resuspended in 1 mL of sterile isotonic PBS supplemented with 1% glucose and then incubated for 20 h at 26 1C. After that, the cells were removed by centrifugation (500 g/15 min/4 1C) and the supernatants were passed over a 0.22-mm membrane (Millipore) , to obtain the PBS-glucose conditioned supernatant, and then concentrated 10-fold in a 10 000 molecular mass cut-off Amicon microconcentrator (Amicon, Beverly, MA) (Elias et al., 2008) . In order to confirm that lysis of parasites did not occur during growth under these conditions and that the peptidases released were not an artifact resulting from uncontrolled cell lysis, the presence of lactate dehydrogenase activity, an intracellular cytoplasmatic enzyme, was verified in the cell-free PBS-glucose supernatant as described previously by Elias et al. (2008) , yielding negative results.
Protein measurement
Protein concentration was determined in cellular and extracellular parasite extracts using the method described by Lowry et al. (1951) , using bovine serum albumin (BSA) as a standard. The parasite extracts were stored at À 20 1C until analysis.
Proteolytic activity assays
Extracellular proteolytic activity was measured spectrophotometrically using different protein substrates, according to the method described by Buroker-Kilgore & Wang (1993) . Briefly, a concentrated PBS-glucose supernatant was incubated for 30 min at 37 1C in the presence or absence of the following proteolytic inhibitors: 1 mM 1,10-phenanthroline and 1 mM trans-epoxysuccinyl L-leucylamido-(4-guanidino) butane (E-64) (Sigma). To assay the remaining proteolytic activity, protein substrates (bovine albumin, human albumin, hemoglobin, mucin, immunoglobulin G (IgG) and FBS) (Sigma) at 0.5 mg mL À1 , 2 mM dithiothreitol, 50 mM sodium phosphate (pH 5.0) and 20 mL of the PBS-glucose supernatant were added to a microcentrifuge tube (350 mL) and incubated for 3 h at 37 1C. After this incubation, three aliquots (100 mL each) of the reaction mixture were transferred to wells on a microtiter plate containing 50 mL of water and 100 mL of a Coomassie solution (0.025% Coomassie brilliant blue G-250, 11.75% ethanol and 21.25% phosphoric acid). After 10 min, to allow dye binding, the plate was read on a Thermomax Molecular Device microplate reader at A 595 nm . One unit of proteolytic activity was defined as the amount of enzyme that caused an increase of 0.001 in the absorbance unit, under standard assay conditions. The results are expressed as the relative percentage of activity with inhibitors subtracted from the activity without inhibitors. Alternatively, the fluorogenic substrate N-abenzyloxycarbonyl-L-phenylalanyl-L-arginine-(7-amino-4-methylcoumarin) (Z-Phe-Arg-AMC) (Sigma) was also used as a specific cysteine peptidase substrate. The reaction was started by the addition of the substrate at 20 mM to the parasite extract (10 mg) diluted in 0.1 M sodium phosphate buffer, pH 5.0, containing 2 mM dithiothreitol. The reaction mixture was incubated at 37 1C for 15 min and fluorescence intensity was determined by spectrophotofluorometry (SpectraMax Gemini XPS, Molecular Devices, CA) using emission and excitation wavelengths of 460 and 380 nm, respectively.
Gelatin-SDS-PAGE
Peptidases were also assayed by electrophoresis on 10% SDS-PAGE with 0.1% copolymerized gelatin as a substrate (Heussen & Dowdle, 1980) . The gels were loaded with 30 mg of protein per slot. After electrophoresis, at a constant voltage of 120 V at 4 1C, SDS was removed by incubation with 10 vol. of 2.5% Triton X-100 for 1 h at room temperature under constant agitation. Then, the gels were incubated for 48 h at 37 1C in 50 mM sodium phosphate buffer supplemented with 2 mM dithiothreitol, pH 5.0, in the absence or presence of 10 mM E-64. The gels were stained for 2 h with 0.2% Coomassie brilliant blue R-250 in methanol-acetic acid-water (50 : 10 : 40) and destained overnight in a solution containing methanol-acetic acid-water (5 : 10 : 85), to intensify the digestion halos (Santos et al., 2005) . The molecular mass of the peptidases was calculated by comparison with the mobility of low molecular mass standards. The gels were photographed and digitally processed using the Kodak Digital Science EDAS 120 software (Elias et al., 2008) .
Enzyme-linked immunosorbent assay (ELISA)
Initially, the antigen concentration was standardized for further immunoreactivity assays. The plates were coated with 5 mg mL À1 of T. cruzi or P. serpens extracts dissolved in PBS for 1 h at 37 1C. Then, the plates were blocked with 5% low-fat dried milk in TBS containing 0.5% Tween 20 (TBS/ Tween) for 1 h at room temperature. Then, plates were washed three times (10 min each) with the blocking solution and incubated separately with the following antibodies: rabbit polyclonal anti-cruzipain antibody (kindly provided by Dr Juan-Jose Cazzulo, Instituto de Investigaciones Biotecnologicas, Universidad Nacional de General San Martin, Buenos Aires, Argentina); human chagasic patient serum (kindly provided by Dr José Mauro Peralta, Departamento de Imunologia, Instituto de Microbiologia Prof. Paulo de Góes, Universidade Federal do Rio de Janeiro, Brazil); and with rabbit and human presera, at dilutions ranging from 1 : 100 to 1 : 2800. Following incubation, the plates were washed five times with TBS/Tween and then again incubated with peroxidase-labeled anti-rabbit or anti-human IgG (Sigma) at a 1 : 2500 dilution. The reaction was developed with o-phenylenediamine dihydrochloride (Sigma) and stopped with sulfuric acid. Samples were assessed in triplicate and plates were read at 490 nm with an ELISA reader. The final graphics were expressed as results of the absorbance obtained with the immunized serum subtracted from the corresponding nonimmunized serum. Additionally, different chagasic sera (n = 12) (kindly provided by Dr Constança Britto, Instituto Oswaldo Cruz -Fundação Oswaldo Cruz) as well as normal healthy sera (n = 5) were used to demonstrate that both cellular and extracellular extracts from P. serpens possess antigens that are recognized by Chagas' disease patients. This study was approved by the Ethics Committee of Pesquisa em Seres Humanos da Fundação Oswaldo Cruz (Number 426/07).
Flow cytometry analysis
Parasites (1 Â 10 7 cells) were fixed in 0.4% paraformaldehyde diluted in PBS for 10 min at room temperature, followed by extensive washing in the same buffer. These fixed cells maintained their morphological integrity, as verified by optical microscopic observation. After that, parasites (5 Â 10 6 cells) were incubated for 1 h with a 1 : 250 dilution of anti-cruzipain antibody or a chagasic patient serum, and then incubated for an additional hour with a 1 : 250 dilution of fluorescein isothiocyanate-labeled goat anti-rabbit IgG (Sigma). These cells were washed three times in PBS and then examined in an EPICS ELITE flow cytometer (Coulter Electronics, Hialeah, FL) equipped with a 15 mW argon laser emitting at 488 nm. Untreated cells and those treated only with the primary or the secondary antibodies were used as controls. Each experimental population was then mapped using a two-parameter histogram of forward-angle light scatter vs. side scatter. The mapped population (n = 10 000) was then analyzed for log green fluorescence using a single-parameter histogram (Santos et al., 2006b ).
Western blotting
Parasite extracts (cell-associated and PBS-glucose supernatant) containing 50 mg of proteins were separated in 12% SDS-PAGE and electrophoretically transferred at 4 1C at 100 V/300 mA for 2 h to a nitrocellulose membrane. The membrane was blocked in 5% low-fat dried milk in PBS containing 0.5% Tween 20 for 1 h at room temperature. Then, membranes were washed three times (10 min each) with the blocking solution and incubated with either the anti-cruzipain antibody or a chagasic patient serum at 1 : 250 dilutions for 2 h. The secondary antibodies used were peroxidase-conjugated goat anti-rabbit IgG or anti-human IgG, both at a 1 : 2500 dilution. Immunoblots were exposed to an X-ray film after chemiluminescence reaction (Santos et al., 2006b ).
Immunocytochemistry analysis
The parasites were collected by centrifugation, washed twice in PBS and fixed in a solution containing 0.1% glutaraldehyde, and 2% formaldehyde in 0.1% cacodylate buffer, pH 7.2. After 1 h of fixation, cells were washed in PBS, dehydrated in methanol and embedded in Lowicryl K4M resin at À 20 1C. Ultrathin sections were collected in nickel grids and incubated in 0.1 M TBS, followed by a 15-min incubation in 50 mM ammonium chloride. After three washings in TBS, the grids were incubated with the anti-cruzipain antibody diluted at 1 : 50 in TBS, 1% BSA, 1% Tween 20 (TBSBT). Grids were washed three times in TBSBT and subsequently incubated with gold-labeled goat anti-rabbit IgG (15 nm, dilution 1 : 10) for 60 min (Souto-Padrón et al., 1990; Santos et al., 2006b) . Ultrathin sections were stained with uranyl acetate and lead citrate and observed in a Zeiss ETM 10 C transmission electron microscope.
Results
In recent years, our group has reported that P. serpens cells are able to express molecules that present immunological cross-reactivity with cruzipain of T. cruzi (Santos et al., 2006b (Santos et al., , 2007 Elias et al., 2008) . In the present report, we have compared the production of cysteine-type peptidases as well as cruzipain-related molecules in both trypanosomatids. First of all, the capability of cellular extracts from P. serpens and T. cruzi to degrade a specific cysteine peptidase substrate was investigated. Our results showed that epimastigotes of T. cruzi presented a 10-fold higher efficiency in hydrolyzing the fluorogenic substrate Z-Phe-Arg-AMC than the promastigotes of P. serpens (Fig. 1) . The treatment with E-64, a powerful cysteine peptidase inhibitor, blocked the substrate cleavage by approximately 98% (Fig. 1) , confirming the susceptibility of this synthetic peptide to degradation by the parasites' cysteine-type peptidases. In parallel, a sideby-side comparison was also performed by SDS-PAGE containing gelatin as a copolymerized substrate. Two weak proteolytic halos of 38 and 40 kDa were observed in P. serpens, while a strong 50-kDa peptidase activity was observed in T. cruzi (Fig. 1, inset ). All these gelatinolytic activities were fully restrained by E-64 (Fig. 1, inset) . Several evidences have suggested that cruzipain-like molecules are distributed in different cellular compartments of P. serpens, including cytoplasmic and membrane regions (Santos et al., 2006b; Elias et al., 2008) . Here, we evaluated the cysteine peptidase activity in these distinct cellular locations. In this context, P. serpens cells were subjected to Triton X-114 extraction and the distinct fractions as well as the culture supernatant obtained after parasite incubation in PBS-glucose were used to quantify the proteolytic activity. Cysteine peptidases were detected at twofold higher levels in the cytoplasmic compartments when compared with the membrane-rich fraction or the content released (Fig. 2a) . In addition, the cellular distribution of the cruzipain-like molecules on P. serpens cells could be confirmed through immunocytochemistry analysis (Fig. 2b) . Gold particles could be clearly observed in all cellular compartments, including the cytoplasm, plasma membrane, flagellum, flagellar membrane and flagellar pocket. Interestingly, some gold particles could be visualized free in the flagellar pocket, suggesting the release of the cruzipain-related molecules into the extracellular milieu (Fig. 2b) . It is important to note that the trypanosomatid flagellar pocket is a highly specialized area of the parasite membrane that is involved in several processes, including protein secretion into the external environment (reviewed by Vickerman, 1994) . In order to prove that P. serpens cells release peptidases that are able to degrade different substrates, as occurs for the intracellular cysteine peptidases (Elias et al., 2008) , the PBSglucose supernatant was incubated with several proteinaceous compounds in the absence or in the presence of the cysteine peptidase inhibitor E-64 (Table 1) . Human and bovine albumins, hemoglobin, IgG, mucin and FBS were cleaved in different extensions (Table 1 ). The cleavage inhibition by E-64 indicated the presence of cysteine peptidase activity released by P. serpens promastigote cells (Table 1) .
By means of an ELISA assay and using an anti-cruzipain antibody and a human serum obtained from a chagasic patient, we demonstrated that both cellular and extracellular extracts from P. serpens shared antigenic molecules related to T. cruzi (Fig. 3) . Flow cytometry analysis also evidenced the binding of both antisera to the parasite surface (Fig. 4a) . In both cases, a stronger reaction was observed when extracts of T. cruzi were used in comparison with P. serpens. In an early report of our group (Elias et al., 2008) , we showed that the anti-cruzipain antibody reacted with two polypeptides (38 and 40 kDa) in the cellular extract, as well as with a 40 kDa polypeptide in the released content of P. serpens. Herein, we showed that antibodies present in the chagasic serum recognized low-molecularmass polypeptides in the cellular extract of P. serpens ranging from 50 to 15 kDa and a polypeptide of 40 kDa in the extracellular content that was also recognized by the anti-cruzipain antibody (Fig. 4b) . In order to demonstrate that both cellular and extracellular antigens from P. serpens are recognized by antibodies present in chagasic patient sera, we have increased the number of human sera from patients with Chagas' disease tested by the ELISA assay, which confirmed our previous results (Fig. 5) .
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Discussion
The members comprising the Trypanosomatidae family present considerable similarities to one another, as an obvious reflection of their phylogenetic proximity. The phylogenetic tree can also be used as a framework to study the origin and evolution of parasitism and a number of unique molecular and biochemical mechanisms seen in this group (reviewed by Donelson et al., 1999) . It is common to observe a similar antigen expression in different species of trypanosomatids, which reveals key targets for the development of anti-parasitic drugs as well as diagnostic methods for parasitic disease. Phytomonas serpens, specifically, shares common antigens with some digenetic trypanosomatids, such as Leishmania spp. and T. cruzi (Breganó et al., 2003; Santos et al., 2006a, b; 2007; Elias et al., 2008) . In this paper, a comparison was performed between P. serpens and T. cruzi, focusing on cysteine peptidase expressed by both species, which are equally important for their life cycle. In T. cruzi, cruzipain has been reported to be essential for parasite differentiation, invasion and intracellular growth in the mammalian host (Aparício et al., 2004) . Similarly, cruzipain-like molecules were reported to be important for P. serpens growth, as well as for its adhesion to the invertebrate host (Santos et al., 2006b) . For instance, inhibitors of cysteine peptidases and anti-cruzipain antibodies are able to inhibit both T. cruzi and P. serpens replication and interaction with host cells (Souto-Padrón et al., 1990; Meirelles et al., 1992; Santos et al., 2006b) . In this work, we have determined that T. cruzi epimastigotes produced cysteine peptidase activity that is 10 times more efficient in degrading a specific cysteine peptidase substrate than the one produced by P. serpens. Gelatin-SDS-PAGE revealed a major 50-kDa cysteine peptidase in T. cruzi and two faint degradation halos in P. serpens. As expected, ELISA analysis showed that cruzipain-like molecules are recognized by the anti-cruzipain antibody in higher titers when epimastigotes of T. cruzi were tested in comparison with promastigotes of P. serpens.
Advances in the study of the pathogenicity of trypanosomatids have focused attention on the role of cysteine peptidases in several aspects of the host-parasite relationship (Mottram et al., 1998; Cazzulo, 2002) . The expression of cruzipain is differentially controlled during the four main phases of the T. cruzi life cycle. This enzyme is principally lysosomal and some of its isoforms can also be found at the parasite plasma membrane (Cazzulo, 2002) . Similar to the cruzipain expressed by T. cruzi, the cysteine peptidases of P. serpens are detected in cytoplasmic compartments at a higher amount when compared with the membrane-rich fraction. The content released was also evaluated; the cysteine peptidase activity secreted by P. serpens into the extracellular environment possesses a broad substrate specificity, because it was able to degrade different protein components, although the activity detected was twofold lower when compared with the enzymes located in the cytoplasm. These findings were supported by ultrastructural immunocytochemistry analysis. Curiously, it has already been reported that T. cruzi, in some life stages, is able to secrete cysteine peptidases into the extracellular environment (Yokoyama-Yasunaka et al., 1994; Aparício et al., 2004) , indicating another intriguing similarity between the molecules expressed by these distinct trypanosomatids. The possible biological roles of cruzipain, other than its function in parasite metabolism, have scarcely been explored in T. cruzi. However, some functions were postulated including the hydrolysis of specific anti-T. cruzi and unrelated immunoglobulins, stressing the possible involvement of T. cruzi peptidases in the parasite evasion of the host immune response (reviewed by Cazzulo, 2002) . Earlier, we showed that cellular cysteine peptidases produced by live P. serpens cells cleaved a major polypeptide of 115 kDa located on the surface of salivary glands of Oncolpetus fasciatus, a phytophagous insect (Elias et al., 2008) .
Recently, Breganó et al. (2003) reported that sera from patients with Chagas' disease presented a strong reactivity to P. serpens antigens by conventional serological assays such as indirect immunofluorescence and direct agglutination. The phytoflagellate revealed a high immunogenic ability, which culminates in partial protection when BALB/c mice were immunized by either the intraperitoneal or the oral route with P. serpens and then challenged with a lethal inoculum of showing the polypeptides recognized by the chagasic patient serum detected in the whole cellular extract from T. cruzi or P. serpens as well as in the released content of P. serpens (S PBS ). Alternatively, the released content of the P. serpens cells was also revealed using the anti-cruzipain antibody. The number on the left indicates the apparent molecular mass of protein standards, expressed in kDa.
T. cruzi blood forms, which induced a decrease in the parasitemia and an increase in the survival levels when compared with mice not immunized with P. serpens. The protective mechanisms induced by immunization with P. serpens are not fully understood; however, it is proposed that both antibodies and cell-mediated immunity could be involved in the protective immunity (Breganó et al., 2003) , which was dependent on an enhancement in the nitric oxide production during the acute phase of T. cruzi infection (Pinge-Filho et al., 2005) . Several attempts were made in order to establish a reliable and effective immunization protocol against T. cruzi using either live or killed parasites (Kierszenbaum & Budzko, 1975; Pereira & Krettli, 1990) , attenuated forms (Paiva et al., 1999) , subcellular fractions of parasites (Ruiz et al., 1986) , immune sera transfer (Krettli, 1982) or genetic immunization protocols (Costa et al., 1998) ; however, all these procedures showed only limited success. Thus, another point that merits consideration is that P. serpens antigens could be used as an adjuvant in order to improve the protective capability in relation to immunogenic T. cruzi molecules used in vaccine formulations.
The similarity between P. serpens and T. cruzi and our findings indicate cruzipain as being among the antigens shared by both trypanosomatids. We showed that not only were the cellular antigens of P. serpens extracts recognized by the chagasic sera but also the molecules were released into the extracellular environment, especially the 40-kDa cruzipain-like protein. Cruzipain has been shown to be antigenic in T. cruzi-infected individuals, a fact that is relevant for the development of a vaccine useful in humans (Schnapp et al., 2002) . A relevant characteristic for the development of a vaccine is the antigenicity of a molecule, and it is known that cruzipain is highly antigenic. The majority of Chagas' disease patients have serum antibodies that are reactive to cruzipain (Martinez et al., 1991) . The specific immunity conferred by this glycoprotein could be effective against parasites from widely endemic regions. Additionally, cruzipain-specific T-cell lines generated from T. cruzi-infected individuals have been shown to produce interferon-g, but not interleukin-4 (Arnholdt et al., 1993) , indicating that cruzipain induces human Th1 cell responses. These data more than confirm the importance of cruzipain during the course of Chagas' disease.
Herein we demonstrated that chagasic patient sera also recognized a huge number of P. serpens antigens, including the cruzipain-like molecule. Thus, P. serpens could potentially be used as a safe source for immunogenic proteins for vaccine development, inhibiting Chagas' disease course and progression (Pinge-Filho et al., 2005) . Oral immunization with P. serpens did not induce inflammation in the heart tissue, but was able to reduce the number of amastigote nests in the heart of T. cruzi-infected mice (Pinge-Filho et al., 2005) . Interestingly, the use of antigens derived from nonpathogenic trypanosomatids (Lopes et al., 1981; Breganó et al., 2003; Santos et al., 2007) could be a viable alternative to obtain a noninfective, cheap and easily grown source of antigens for the diagnosis and/or vaccine development for Chagas' disease. 
